Idiopathic chronic constipation has been correlated to neural abnormalities that consist of a reduced number of myenteric plexus neurons and a decreased concentration of VIP-positive nerve fibers within the circular muscle. Recent studies hypothesized the involvement of nitric oxide in motility disorders of the human gut. To date, no information is available on nitric oxide involvement in idiopathic chronic constipation. The density of VIP-and nitric oxideproducing neurons was evaluated by immunocytochemistry using anti-VIP and anti-nitric oxide synthase antibodies in five patients with idiopathic chronic constipation. A low total neuron density was found at the myenteric plexus. The density of VIP-positive neurons was low while that of nitric oxide synthase-positive neurons was high at both plexuses. Our data confirm that idiopathic stow-transit chronic constipation is due to abnormal neurogenic factors. The presence of numerous nitric oxide synthase-positive neurons, all along the colon and at both plexuses, supports the hypothesis that an excessive production of nitric oxide may cause the persistent inhibition of contractions.
Similarly to VIP, other muscle relaxant molecules are released by enteric neurons; among these is nitric oxide (NO), which has recently been described as a major inhibitory mediator in the gut musculature (8) (9) (10) (11) . NO seems to be involved in different afflictions of the human gut where the prominent feature is a defect in relaxation. In fact, a deficiency in its synthesizing enzyme, nitric oxide synthase (NOs), has been described in the pyloric circular muscle of infantile hypertrophic pyloric stenosis (12) , in the gastroesophageal junction of patients with achalasia (13) , and in both plexuses and the circular muscle of the aganglionic segments of Hirschsprung's disease (14) . To date, no information is available on NO involvement in ICC.
The purpose of this study was to analyze: (1) the total neuron density as well as (2) the density of the VIP-and NOs-containing neurons in patients with ICC, at both the myenteric and submucous plexuses of the right and left colon.
MATERIALS AND METHODS
Tile total neuron density and the density of VIP-positive and NOs-positive neurons were evaluated in five consecutive female patients (mean age 34.3) suffering from idiopathic slow-transit chronic constipation operated on for total colectomy and ileorectal anastomosis. The colon of these patients was normal in size, although their symptoms (spontaneous bowel frequency of less than once per week) had developed many years previously.
The segmental colonic transit time, evaluated according to Martelli et al (15) , fell outside the normal range ( Figure  1 ). Anorectal manometry (16) and defecography allowed us to exclude an impaired anorectal function. Radionuclide solid-meal gastric emptying studies were normal in four and delayed in one patient. Subjects with normal colonic transit time submitted to elective right or left colectomy for nonobstructive neoplasms represented the control group.
Before immersion in the fixative liquid, both the left and right colon were cut into small blocks, corresponding to the cecum, ascending and right transverse colon (right colon), and left transverse and descending colon (left colon), respectively.
lmmunocytochemistry. Specimens were fixed in 4%
paraformaldehyde-buffered solution (PBS 0.1 M, pH 7.4) for 6 hr and then paralfin embedded. Serial sections 6/xm thick were picked up on slides precoated with poly-L-lysine (Sigma, Milan, Italy, 0.1% solution in distilled water) and ovendried overnight at 37°C. Sections were deparaffinized and brought through graded alcohol to water. Then they were stained with an indirect immunohistochemical method in order to reveal the presence of nitric oxide synthase (NOs) and vasoactive intestinal polypeptide (VIP). Nonspecific attachment of primary antibodies to the tissue sections was prevented by incubating each of them for 15 rain, at room temperature, with bovine serum albumin (BSA) 0.1%, in PBS, 0.01 M, pH 7.4. The serum was drawn off with blotting paper.
For both fluorescence and bright field microscopy, sections were processed as follows: (I) For NOs immunostaining, sections were incubated in a humid chamber with polyclonal antibodies anti-cerebellar NOs (NOs type I antiserum), raised in rabbits (Affiniti, Nottingham, UK) against the purified neuronal enzyme extracted from porcine cerebellum, diluted 1:I00, and applied overnight at room temperature. The specificity of the immunostaining for the NOs antiserum was checked by preabsorption with the purified enzyme (50-I00 ~g/ml antiserum); (2) For VIP immunostaining, primary rabbit polyclonal antibodies anti-VIP (Amersham, Buckinghamshire, UK) were applied on the sections diluted 1:1000 and incubated at 4°C overnight. The antiserum to VIP was raised in rabbits using natural porcine VIP conjugated to keyhole limpet hemocyanin, using glutaraldehyde as a coupling agent.
All primary antibodies were diluted with Tris-buffered saline 0.01 M pH 7.4; 3% normal serum was added to anti-VIP and anti-NOs antibodies; 0.3% (v/v) Triton X-100 (BDH, Poole, England) was added to anti-NOs antibodies.
After incubating with primary antibody, sections were rinsed in three changes of PBS for 5 min each time. Sections were then incubated for 2 hr with anti-rabbit IgG (whole molecule)-fluorescein-isothiocyanate (FITC) conjugate (Sigma, Milan, Italy), raised in goats, and diluted 1:60 in PBS 0.01 M, pH 7.4. Fluorochrome-stained sections were rinsed in three changes of PBS, pH 7.2-7.6, for 5 min each time, mounted in glycerine buffer (9:1), and examined with a Zeiss Axioskop microscope equipped for epifluorescence. lmmunopositive neurons were counted and photographed in order to determine VIP-positive and NOs-positive neuron densities.
After fluorescence microscope examination, the immunostained sections were further processed for bright-field microscopy with hematoxylin-eosin (H&E) to determine total neuron density.
All NOs-and VIP-immunostained neurons were counted in two consecutive sections of each specimen (by a single observer) and separate counts were made for the submucous plexus (SMP) and myenteric plexus (MP). Separate counts were for each available specimen; the data from each patient were then pooled for each hemicolon and plexus and subjected to statistical analysis. For each patient, the number of neuronal sections was analyzed for each region and plexus. In each specimen, the length of the submucosa and muscle coat on sections was measured along lines parallel to and midway between the inner and outer boundary of the submucosa and muscle coat, respectively. Hence, for each patient, the number of NOs-positive, VIPpositive, and H&E-stained neurons per unit section length (millimeters) of the submucosa and muscle coat was computed for each specimen. These data were then compared with those of H&E-stained, VIP-and NOs-positive neuron densities obtained in subjects with normal colonic transit. The density of NOs and VIP reactivity was then assessed visually, according to Vanderwinden et al (14) , as follows: + + + +, very high; + + +, high; + +, moderate; +, weak; 0 absent.
RESULTS

Histology
At routine light microscope examination, the smooth muscle cells, muscle layers, connective stroma, and enteric plexuses showed apparently normal features. Neither Schwann cell hyperplasia nor inflammatory reactions were observed at either plexus.
Total Neuron Density
In ICC patients the MP neuron density was lower and the SMP neuron density was higher than the mean value of controls (Table 1) .
Immnnocytochemistry
In the immunostained sections of the colonic regions examined, both VIP-and NOs-positive neurons and fibers were found in different quantities to those of control subjects. VIP-Positive Neuron Density. At the colonic regions examined, VIP-positive neurons were found in a lower quantity than in control subjects (Figure 2a and b). In fact, the density of VIP-positive neurons of both plexuses at all regions examined was very much lower than the mean values of controls. This reduction was more marked at the SMP than at the MP. In contrast with the controls, at both the right and left colon ( Figure 2c ) the VIP-positive nerve fibers were more numerous within the inner, rather than the outer, portion of the circular muscle layer.
,niig a NOs-Positive Neuron Density. At the colonic regions examined, NOs-positive neurons were found in a higher quantity than in control subjects (Figure 3a  and b) . In both the left and right colon, an extremely high NOs-positive neuron density was found at both plexuses. As in control subjects, at all colonic regions, the inner portion of the circular muscle layer was devoid of NOs-positive nerve fibers. Results are summarized in Table 2 .
DISCUSSION
Our results enable us to exclude the presence of a degenerative neuropathy in patients suffering from a severe motor dysfunction of the entire colon (ICC), since all ganglia and nerve fibers showed apparently normal features. Our observations, however, revealed that all along the entire colonic length, these patients possessed a total neuron number and a VIP-and NOs-positive neuron density different than those of control subjects.
The most striking features we found in ICC patients were that, especially in the right colon, as well as in the left, these patients had an extremely low number of VIP-positive neurons and a markedly high number of NOs-positive neurons at both plexuses when compared to control subjects. A reduced VIPergic innervation has previously been described in the aganglionic segment of colon obtained from patients with Hirschsprung's disease (17) . The lack of relaxation of this aganglionic segment, in addition to the absence of the rectoanal inhibitory reflex, has been correlated to a deficiency in VIPergic innervation.
A reduced concentration of VIP and VIPergic innervation also has been found within the circular muscle of the descending and sigmoid colon in ICC (0) patients (6, 7) . Given that VIP is one of the NANC inhibitory neurotransmitters whose role is to produce descending inhibition ahead of the giant migrating contractions, which are essential to allow rapid propulsion of a large bolus, its absence could cause the colonic constrictions responsible for colonic obstructions in ICC patients. However, Koch et al (6) have never found such constrictions in ICC patients, and, therefore, have interpreted their absence as being due to the presence of reduced VIP quantities that cannot be visualized by immunocytochemistry but are measurable in extracts of the colonic muscularis externa. Our immunohistochemical data confirm this reduced VIPergic innervation in the colon of ICC patients. However, we found the inner portion of the circular muscle layer richer in VIP-positive nerve fibers than in controls. The presence of a rich VIPergic innervation in a portion (the inner one) of the circular muscle layer could support the quantitative data of Koch et al. Given the importance of an inhibitory innervation on the myogenic role presumably played by this portion of the colonic circular muscle (10, 18, 19) , its increased VIPergic innervation might explain the absence of colonic obstructions in ICC patients. Our hypothesis to explain the persistent inhibition of contractions in the colon of ICC patients involves the role of NO, since this molecule is currently recognized as the major mediator in the relaxation induced by the NANC inhibitory motor neurons in the gastrointestinal tract (8) (9) (10) (11) . These NANC inhibitory motor neurons at sphincters are normally inactive (off) and turn active (on) to open the sphincter itself with appropriate timing for the passage of luminal contents (20) . Thus, a deficiency in the NO-producing neurons, as has been shown in infantile hypertrophic pyloric stenosis (12) , achalasia (13) , and Hirschsprung's disease (t4), may affect the physiological modulation of the sphincter relaxation. Instead, these NANC inhibitory motor neurons in nonsphincteric regions are continuously active (on), maintaining a state of persistent inhibition of the contractile activity (physiological ileus) (20) . The presence of extremely numerous NOs-positive neurons at both plexuses, and especially at the right colon, together with the constant presence of the nitridergic nerve fibers supplying the outer (main) portion of the circular muscle layer found in ICC patients, may consequently lead to the inhibition of the giant migrating contractions. It can therefore be proposed that an excess of NO may determine the chronic adynamic condition of the colon (colonic inertia) in ICC patients. In agreement with this hypothesis, recent data have shown that an increased production of NO by the colonic mucosa and its diffusion to the underlying muscle could contribute to the toxic colonic dilation that occurs in fulminant ulcerative colitis (21) .
In conclusion, our data demonstrate the presence of a significant impairment of the neural tissue of the entire colon in ICC patients, thus confirming that idiopathic slow-transit chronic constipation is due to abnormal neurogenic factors. Moreover, it may be suggested that the inhibition of the propagating contractions in these patients is mainly dependent on an excess of NO.
